SUMMARY Four babies with congenital diaphragmatic hernias each developed a state of transitional circulation. Tolazoline was successfully used to lower the pulmonary vascular resistance and to treat this normally fatal postoperative complication.
Some children born with posterolateral (Bochdalek) diaphragmatic hernias, after an initially satisfactory postoperative recovery, develop persistent hypoxia and acidosis and then die. Such deaths, which take place despite apparently effective mechanical ventilation and attempted correction of the acidosis, are thought to be due to severe right-to-left shunting of blood (transitional circulation).
It has been shown that it is possible to reverse a transitional circulation by pulmonary vasodilating agents-for example, by tolazoline.1 Four infants, treated for congenital diaphragmatic hernias who developed this complication, survived after the use of tolazoline.
Patients and methods
The management of an infant who presents within 6 hours of birth with a congenital diaphragmatic hernia at this hospital is standard. Immediate transabdominal repair of the hernia is carried out and an ipsilateral or bilateral chest drain is inserted. Postoperatively infants are paralysed and mechanically ventilated. Direct arterial monitoring both for blood pressure 4 There is a decreased total size of the pulmonary vascular bed associated with a degree of pulmonary hypoplasia and an increase in the ratio of the arterial wall thickness to the external diameter of the vessel. This increase in the media consists of smooth muscle which extends more peripherally than normal to small vessels and is consistent with arrested development at an early stage of development. Presumably these vascular changes must lead to a fixed raised pulmonary vascular resistance. (2) . All patients born with posterolateral diaphragmatic hernias have a degree of bilateral pulmonary hypoplasia which predisposes to hypoxia, hypercarbia, and acidosis. (3) . Pulmonary vasoconstriction as a response to hypoxaemia or hypercarbia is a striking feature of neonatal physiology, and this effect is increased by acidosis.5
These three factors increase the pulmonary vascular resistance in patients with congenital diaphragmatic hernias. When the pulmonary artery pressure rises above the systemic pressure right-toleft shunting will occur through the patent ductus arteriosus, the foramen ovale, or the lung parenchyma. This increases the hypoxia and acidosis, further worsening the shunting, and producing a vicious circle which leads to a falling cardiac output. Death is inevitable unless the pulmonary vascular resistance can be reduced. It has been shown in the fetal lamb that shunting is not necessarily uni-directional and may at times be left-to-right6 through the ductus, but right-to-left through the foramen ovale.
Goetzman et al.1 showed that in a baby without a congenital diaphragmatic hernia, a transitional circulation might be reversed with tolazoline. This drug is chemically related both to histamine and the sympathomimetic amines. It is primarily an alphaadrenergic blocker, but it also has direct nonadrenergic relaxant effects on vascular smooth muscles. It also has a direct cardiotonic effect.
Tolazoline cannot be expected to reduce a high fixed pulmonary vascular resistance or help those patients with pulmonary hypoplasia so severe as to be incompatible with life. Other authors4 7 This more precise grouping will help in the analysis of the results of treatment of congenital diaphragmatic hernias.
The patients reported by previous authors who failed to respond to tolazoline probably would be in group 1. The 4 patients presented in this paper would be in group 2.
Thus tolazoline should be used in those babies with congenital diaphragmatic hernias who have a labile pulmonary vascular resistance and a potential for adequate arterial oxygenation. This drug should not be used however until attempts to correct a transitional circulation have been made with efficient mechanical ventilation and correction of the acidosis. Facilities must be available for arterial pressure and blood gas monitoring.
Addendum
In the latter half of 1979 and in 1980, we used tolazoline in a further 6 infants with congenital diaphragmatic hernias suffering from transitional circulation, with the same success. 
